We devised a simple procedure for titration of varicella-zoster virus (VZV) DNA in throat swabs from varicella patients.
dilutions of PCR products were drawn. By comparing the curves of a specimen with the standard curves, the copy number of virus DNA in the specimen was calculated; an example is shown in Fig. 1 .
Then, we studied the time course of VZV DNA titers in the throat swabs of varicalla patients after the rash appearance. We followed five varicella children from the first day of illness to the 9th day. The results are shown in Fig. 2 . Although varied among individuals, the DNA titers were the highest on the first day, with a gradual decline thereafter.
Next, we quantified also the DNA titers in the incubation period before the appearance of rash. We followed two contact cases of varicalla, infected through intrafamilial transmission. Figure 3 shows the results. The VZV DNA remained in low titers for a limited time in the incubation period, then it abruptly increased to high titers coinciding with the appearance of rash. of varicella patients; they detected the DNA in 26% of the swabs taken during the incubation period, and in 100% of those taken during the first 3 days after the onset of rash. In the present study, we further clarified that the amount of VZV DNA in the throat was the largest on the day of rash appearance, and that the levels in the incubation period were > 100-fold lower than the highest levels. The primary site of VZV replication is considered to be the regional lymph nodes of the upper respiratory tract, the secondary site the liver and spleen, and the tertiary site the skin (11). Our finding indicates that somewhere in the oropharynx is also the tertiary site.
There is also epidemiological evidence showing that varicella patients are contagious even before their rash is observed (12, 13) . However, the duration of the pre-rash contagiousness may be very short, less than 24 hr (12). We did not detect VZV DNA 2 days before the appearance of rash in a contact case (household B, Fig. 3 ). Although a larger number of contact cases must be investigated for a definitive conclusion, varicella patients seem to be most contagious on the Fig. 3 . Quantity of VZV DNA in throat swabs of two contact cases of varicella in the incubation period. The contact cases were likely to be infected with VZV on the day when the index cases in the same household possessed the highest quantity of virus DNA in the oropharynx (the day of rash appearance).
first day of illness. They are not contagious in an earlier time of the incubation period when low-titered VZV DNA was detected; the presence of the DNA may reflect the primary VZV replication at the port of entry.
In the present study, to quantify VZV DNA, we carried out PCR with external standard. One of the most reliable procedure for genome quantification by PCR is the competitive amplification with internal standard (14) . This method is ideal particularly for RT (reverse transcription)-PCR for RNA genomes. In contrast, the parallel amplification with external standard, as used in this study, is a simpler and less expensive procedure. We employed three dilutions per specimen for PCR, because some throat specimens contained polymerase-inhibiting activities when undiluted. We further employed four dilutions per each PCR product for hybridization to obtain appropriate titration curves. Therefore, we needed a total of 12 wells per specimen for hybridization. However, the microplate hybridization together with the use of a microplate fluorometer facilitated such testing.
This technique may be also useful for quantification of other DNA viruses. 
